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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may
change over time and conclusions should be interpreted in the light of the latest information
available.
 Chief Executive Officer, Department of Agriculture Western Australia 2003
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1. Summary
Throughflow troughs were installed to assess their effectiveness in quantifying
shallow sub-surface flows on hillslopes.  Two pits were installed with multiple gutters
in duplex soils at Dale River.  Discharges were manually monitored both during and
immediately following storm events.  The majority of flow was found to occur from
decayed root channels in clay sub-soils below the lowest gutter.  The conclusion at
this site is that shallow throughflow troughs installed on a small scale are not capable
of quantifying all of the seepage occurring on hillslopes.
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2. Introduction
Although the general principles of salt encroachment in Western Australia are
relatively well understood, there is a need for better quantification of all aspects of the
hydrological cycle.  To enable firm and detailed recommendations to be made on
various aspects of saltland treatment it is essential to determine the relative
contributions of surface, shallow sub-surface and deeper groundwater flows to saline
areas.  Surface flows are termed overland flow or runoff (if contained within a
channel), shallow sub-surface flows are termed throughflow or interflow and deep
groundwater flows are termed baseflow in this report.
There are a number of documented cases in Western Australia where various
techniques have been used to partition rainfall into flow pathways through the
landscape.  The Public Works Department (1981) documented the role of
throughflow and baseflow in the water and salt balance of a river catchment system.
In the Batalling Creek catchment, the volume of throughflow in 1978 was found to be
four times greater than both baseflow and runoff.  However, baseflow contributed 20
times more chloride to the valley than throughflow in the same year.  Conacher et al.
(1983) also showed that throughflow provided the dominant input of water but not of
soluble salts to the salt affected land on a study site at Denbarker.
The methods of measuring moisture movement on hillsopes fall into three categories
(Atkinson, 1979).
(1) Methods involving interception of the flow, in which all or part of the flow is
intercepted and channelled into a measuring device to determine its
discharge.
(2) Methods involving the addition of tracers to the flow.
(3) Indirect methods in which measurements are made of water content
hydraulic potential and unsaturated hydraulic conductivity to calculate the
moisture flux.
Direct measurement of throughflow seepage from the soil have been reported by
various workers and summarised by Atkinson (1979).  In most cases, the measuring
technique consisted of a series of gutters, which were dug into a vertical or stepped
face of soil.  The results showed that in permeable soils, substantial volumes of water
flow downslope during and after storms.  As throughflow builds up just above an
impeding layer in the soil, it was shown that throughflow gutters should be located so
as to drain the soil at horizons where there is a marked change in hydraulic
conductivity.
A disadvantage of the technique is the creation of an artifical face may in fact induce
saturated conditions at the face.  Another undesired effect of pits is that they distort
the hydraulic potential so that they receive drainage from areas that are not directly
upslope from them.
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The hypothesis to be tested in this experiment was that throughflow troughs located
at the A/B horizon interface of a duplex soil would adequately quantify the amount of
throughflow moving down a hillslope.
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3. Materials and Methods
3.1 Site Description
A site was chosen at Dale River, 80 km south east of Perth to assess the trough
system for throughflow measurement.  The mean annual rainfall is 500 mm and soils
are brown loamy sands overlying yellow mottled sandy clays. Northcote et al. (1967)
has classified these soils as Dy 3.82.  The area is moderately undulating with some
steep slopes.
Two pits were excavated and troughs installed in May 1983.  The upper-slope pit was
constructed below a steep laterite ridge and 10 m downslope of a bulldozer-built level
bank designed by WISALTS∗.  The mid-slope pit was constructed 300 m further
downslope in an area subject to waterlogging by shallow seepage (Figure 1).
3.2 Construction of Pit
A backhoe was used to excavate a 3 m x 1 m pit, to a depth of 1 m.  The layout is
shown in Figure 2.  Two narrow trenches were dug at right angles to the edges of the
pit on the upslope side to form a plot.  This was done to prevent drainage occuring to
the pit from areas that were not directly upslope.  The trenches were initially not
connected to the pit to prevent crumbling of soil at the pit corners.  Plastic sheeting
was then laid along the plot side of the trenches with the soil being replaced and
tamped down.  An extra metre of plastic was kept in reserve for extending into the pit
once the gutter construction was complete.  An inspection well, large enough to
incorporate a 1.5 m diameter well-liner, was excavated to 1.5 m depth slightly
downslope of the pit.
3.3 Installation of Gutters
Figure 3 is a cross-section of the pit showing gutter installation with Figure 4
providing more detail.  Before the gutters were installed, the pit wall was supported
by jacking planks and angle iron from one side of the pit to the other.  Wedge-shaped
slits were then cut into the pit face, with soil being retained for backfilling.  For hard
soils a large brick bolster was used and had to be driven in with a sledge hammer or
pressed in with a jack.
For removal of the soil wedge, a crooked implement similar to a welder's hammer
was used to rake out the soil.  A PVC sheet to which a gutter had previously been
attached was then inserted into the wedge groove along with aluminium flywire.  The
extracted soil was then repacked and the flywire stapled onto the upward pit face to
prevent soil falling into the gutters.
Throughflow troughs were installed at two levels in each pit (Figure 5).  The top gutter
was located 15 cm below the ground surface in the upper pit and 20 cm below
                                           
∗ Whittington Interceptor Salt Affected Land Treatment Society.
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ground level in the lower pit, to intercept throughflow from the base of the root zone
(A1 horizon).  The bottom gutter was located at the A/B horizon interface 55 cm
below ground level in the upper pit and 75 cm below ground level in the lower pit.
Gutter outlets were then extended into the inspection well, including a pipe to drain
excess water from the floor of the pit.  A discharge pipe was installed to drain excess
water from the inspection well.
3.4 Completion of Pits
After installation of the gutters, the pit was progressively boarded up about 5 cm
downslope from the edge of the gutters and the intervening space packed with
aggregate.  This was done to help support the gutters in place and prevent them from
filling with debris.  The plastic sheeting from the side trenches was then extended
around the boards to prevent unwanted seepage entering the gutters.
The remaining excavated areas were then back-filled with soil.  The inspection well
was covered with planking and the aggregate was covered with cement to prevent
direct infiltration of rainfall.  A cement gutter was constructed against the lip of the
plot to collect overland flow from the plot. Appendix 1summarises materials used,
the supplier and costs.
3.5 Monitoring of Throughflow
The pits were monitored by manually gauging flows of water being piped into the
inspection well from the gutters.  Total outflow from the inspection well was also
measured to include any extra seepage other from that measured by the gutters.
Readings were only taken over a 5 minute period.  Shallow piezometers to 1.0 m
depth were installed both on and off the plots to enable the monitoring of watertable
levels and the electrical conductivity (EC) of the water.
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4. Results
Table 1 shows the amount of rainfall recorded between monitoring visits and in the
24 hours prior to the visit.  This was one of the wettest winters on record in the district
and watertables came close to the ground surface on a number of occasions.  (See
Appendix 2, Table 2.1).
Table 1. Rainfall (mm)
DATE 29/6 14/7 25/7 9/8 25/8 14/9 1/11
Previous
24 h
30 0 50 0 30 14 0
Between
visits
- 54 66 55 53 140 74
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Table 2 shows discharges from gutters and total outflow from the inspection well
outlet of both pits.  At no stage was overland flow measured from the plots and on
only one occasion was flow recorded in the top gutters.  The bottom gutters had
discharges of up to 0.30 L/min, but unfortunately the bottom gutter outlet in the mid-
slope pit was swamped on a number of visits due to the inadequate size of the
drainage pipe from the inspection well. Discharge from the inspection well outlet far
exceeded that from the gutters in both pits and flows of up to 45 L/min were
measured.
Table 2. Discharges (L/min)
DATE 29/6 14/7 25/7 9/8 25/8 14/9 1/11
Upper-
slope pit
Overland
flow
0 0 0 0 0 0 0
Top
gutter
0 0 0.08 0 0 0 0
Bottom
gutter
0.21 0.01 0.30 0.01 0.13 0.01 0
Total
outflow*
- - 0.65 - 0.39 0.10 0.11
Mid-
slope pit
Overland
flow
0 0 0 0 0 0 0
Top
gutter
0 0 0 0 0 0 0
Bottom
gutter
- 0.10 - 0 0.10 0 0
Total
outflow*
- 7.20 45.00 8.50 28.70 13.00 6.00
* discharge from inspection well outlet (includes seepage into the inspection
well and from the pit face, because the inspection well was not watertight)
- discharge not measured
Table 2.2 in Appendix 2 shows that EC's of the water in the upper-slope pit were
generally higher than in the mid-slope pit.  This is consistent with the relatively high
salt storages in pallid zone clays beneath breakaways.
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5. Discussion
On the two occasions that measurements were carried out during storm events,
neither overland flow nor flow from the base of the root zone were observed (except
in one case for the latter).  This indicates that the infiltration capacity of the soil
exceeded the rainfall intensities that occurred.
The predominance of flow in the mottled clay B horizon was supported by
observation.  Macropores of approximately 5 mm diameter (decayed root channels)
were observed to be carrying relatively large volumes of water (pipe-flow) during and
following storm events.
This observation is supported by Beasley (1976) who conducted a similar experiment
in a forested catchment and found substantial volumes of water travelling through
macrochannels formed by decayed roots.
Although the pits were constructed to intercept predominantly lateral flow, the exact
source of the seepage water near the base of the pits is not known.  A battery of
piezometers to greater depths would be required to determine if there was a vertical
upwards gradient of flow beneath the mid-slope pit.  The relatively low EC of the
seepage water suggests that the source was not deep.
The heterogeneous nature of pipe-flow indicates that isolation of only a 3 m face may
not be representative of the flow conditions on a hillslope.  Dunne and Black (1970)
monitored overland flow and through flow using a trench dug across the base of a
hillslope.  The trench was 53 m long and drained an area of 0.24 ha.  By gauging the
drainage from such a large area, problems such as fluctuating contributing areas
were avoided.  It is recommended that future work using throughflow troughs in
Western Australia consider the need to integrate flow over the breadth of the hillslope
to take into account the heterogeneous nature of shallow flows.
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8. Figures 1-5
Figure 1. Schematic cross-section showing location of pits on hillslope.
Figure 2. Plan showing layout of pit construction.
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Figure 3. Cross-section of pit during installation of gutters.
Figure 4. Cross-section showing gutter installation in pit face.
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Figure 5. Position of gutters in relation to the soil profile.
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9. Appendix. 1. Materials, supplier and cost for
construction of throughflow troughs
Price per gutter
$
Stormcloud guttering (Knox Schlapp 8.00 each
PVC Sheet 2mm thick (Plastics Ltd.) 13.00 each
Cutting, Welding and Bending (B.C.J. Plastic Products Pty Ltd.) 10.00 each
P.V.C. Glue, elbows and joints (Knox Schlapp) 2.00 each
P.V.C. Pipe 6.00 each
Price per pit
$
Aggregate 1 m3 (Readymix Quarry) 21.00
Drainpipe 65 mm unslotted drain coil (Humes) – 30 metres 40.00
Drainpipe 160 m Stormwater (Humes) 197.00
Backhoe time per pit – 1.5 hours at $27.00 40.50
Cost per pit less drainpipe and backhoe travelling time 140.00
Cost per pit with 65 m draincoil less backhoe travelling
time 180.00
Cost per pit with 160 mm stormwater pipe less backhoe
travelling time 337.00
Sundries 19.00
* prices as of April 1983
THROUGHDLOW TROUGHS FOR THE MEASUREMENT OF SHALLOW SEEPAGE OF HILLSLOPES
15
10. Appendix 2. Data obtained from monitoring of
throughflow troughs and piezometers
10.1 Table 2.1 Piezometer data
- Standing Water Level (SWL) in m below ground surface
- EC (mS/m)
Date 29/6 14/7 25/7 9/8 25/8 14/9 1/11
Upper-
slope Pit
On-plot:
SWL
- 0.30 0.03 0.36 0.13 0.56 0.74
EC - 239 160 75 111 102 -
Off-plot:
SWL
- 0.30 0.00 0.30 0.00 0.26 0.63
EC - 75 - 166 60 78 -
Mid-
slope Pit
On-plot:
SWL
0.20 0.70 0.38 0.75 0.55 0.68 0.83
EC - 34 - 23 25 16 98
Off-plot:
SWL
0.00 0.70 0.22 0.62 0.47 0.62 0.73
EC 5 53 - 20 20 19 46
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10.2 Table 2.2 EC of discharge water (mS/m)
DATE 29/6 14/7 25/7 9/8 25/8 14/9 1/11
Upper-
slope pit
Bottom
gutter
468 19 105 - - - -
Total
outflow*
- - 19 - 132 156 1026
Mid-
slope pit
Bottom
gutter
- 36 - - - - -
Total
outflow*
- 63 3 - 57 105 82
* Discharge from inspection well outlet. No measurement.
- No measurement
